Adolescence reflects a period of increased rates of anxiety, depression and suicide. Yet most teens emerge from this period with a healthy, positive outcome. In this paper, we identify biological factors that may increase risk for some individuals during this developmental period by: 1) examining changes in neural circuitry underlying core phenotypic features of anxiety as healthy individuals transition into and out of adolescence; 2) examining genetic factors that may enhance risk for psychopathology in one individual over another using translation from mouse models to human neuroimaging and behavior; and 3) examining the effects of early experiences on core phenotypic features of anxiety using human neuroimaging and behavioral approaches. Each of these approaches alone provides only limited information on genetic and environmental influences on complex human behavior across development. Together, they reflect an emerging field of translational developmental neuroscience in forming important bridges between animal models of neurodevelopmental and neuropsychiatric disorders.
INTRODUCTION
Adolescence is a time of mental, physical, neurobiological and hormonal changes that often correspond with an increased drive toward independence and peers, often accompanied by heightened emotionality. Historically this developmental period has been characterized as one of 'storm and stress' (Hall, 1904) . The controversial 'storm and stress' characterization is supported by the increase in onset of many psychiatric illnesses and the alarming US health statistics on mortality associated with this period ). Yet, the majority of adolescents experience and emerge from this period in a healthy positive manner (Lerner & Israeloff, 2007) .
This review offers new insights from both transitional and translational studies for why some individuals may be at greater risk for developing psychopathologies during the adolescent years than others. These studies reflect an emerging field of translational developmental neuroscience-a collaborative science of how the healthy brain develops, how development of the brain may go awry in mental illness, and potentially how to alter this development on a healthy trajectory through early identification and intervention (NIMH, NIMH, 2007) .
We highlight three approaches that examine neural circuitry underlying core phenotypic features of anxiety (e.g., suppression of fear response) that exemplify transitional and translational approaches. First, we describe findings from human imaging studies that show changes in neural circuitry underlying core phenotypic features of anxiety in healthy individuals during the transition into and out of adolescence. Second, we describe a recent study examining genetic factors that may enhance risk for anxiety and alter underlying neural circuitry using translation from mouse models to human behavior.
Finally, we provide evidence for alterations in neural circuitry underlying core phenotypic features of anxiety as a result of early postnatal experiences using human imaging and behavioral approaches. Each of the approaches described, including human behavioral, clinical, and developmental studies; human behavioral and imaging genetics; and studies of genetically modified mice, alone provide only limited information on genetic and environmental influences on complex human behavior across development, and risk for psychopathology. However, together, these approaches are building important bridges between animal models and human psychiatric and developmental disorders. Collectively, these studies provide converging methods for understanding the highly variable positive and negative experiences of adolescence and genetic and environmental factors that may increase the risk for anxiety during this period of life.
Core phenotypic features of anxiety
Understanding the neurobiology of anxiety disorders requires the identification of core phenotypes that can be measured across development, are more precisely measured than categorical disorder phenotypes, and relate to underlying biological processes. These endophenotypes should be state-dependent and heritable. Specifically, they should: 1) reflect a biological process that is a core component of the more complex disorder phenotype; 2) be more biologically simple than the disorder phenotype to ensure that the effect size of any particular risk factor is relatively large; and 3) be understood well enough at the biological level that they can be related to specific candidate risk factors including genetic, environmental, and developmental ones. These criteria are particularly important for imaging genetic studies where the neurobiological findings are dependent upon validity of the behavioral activation paradigm .
A core feature of anxiety disorders is difficulty learning which contexts or cues may signal safety and which signal a threat (fear conditioning), and learning to suppress these associations when they no longer apply (fear extinction). These forms of learning reflect adaptation to environmental change/stress (e.g., fear conditioning) that appear to lie at the very core of a number of clinical disorders (Charney & Manji, 2004; Duman et al., 1997; Nestler et al., 2002; Pine, 2007) . Importantly, these measures can be tested across species, throughout development and have known underlying biological substrates. These genetically influenced forms of learning include those that capture the difficulties some individuals have in: 1) adjusting to new environments (contextual learning); 2) recognizing signals of safety or danger (cued learning); and 3) learning to adjust behavior when actual associations no longer exist (extinction). Unlike disease states, the tasks that examine these types of learning can be assessed equivalently in typically and atypically developing humans and mice. Using such measures across development and under varying degrees of stress, may ultimately allow us to examine vulnerability and protection across development.
As described by Britton et al. (this issue) , the literature has been mixed on whether simple fear conditioning has significant relevance to understanding anxiety disorders. In this review, we focus on fear learning that is specific to adjustment of behavior when fear associations no longer exist (i.e., extinction). This form of fear learning is emphasized for three reasons. First, evidence provided from therapeutic effects of exposure therapy in treating certain forms of anxiety disorders such as post traumatic stress disorder are based on principles of extinction learning (Taylor et al., 2003) . This therapy involves teaching the patient to acquire new associations between a cue previously associated with threat to a new association of safety. Successful treatment results in activation of the safe association over the threatening one and thus a diminished fear response. Second, this aspect of fear learning requires cortical top down-regulation of autonomic responses related to the expression of fear (Phelps et al., 2004) . Rodent work suggests that this cortical circuitry continues to develop during adolescence (Bouwmeester et al., 2002; Cunningham et al., 2002) and that extinction may be attenuated during this developmental period, as evidenced by sustained freezing behavior, and requiring twice as many extinction trials to diminish the freezing behavior relative to adult rodents (McCallum et al., 2010) . Third, given the high heritability of anxiety disorders (Thapar & McGuffin, 1995) , we focus on a form of fear learning shown to be altered in genetically altered mice and in humans with a common single nucleotide polymorphism (SNP) in the brain-derived neurotrophic factor (BDNF) gene that leads to a valine (Val) to methionine (Met) substitution at codon 66 (Val66Met). This polymorphism is associated with impaired activity-dependent release of neurotrophic factor in the brain, treatment resistant forms of anxiety-like behavior (Chen et al., 2006) and, for the purposes of this review, altered extinction in mice and humans (Yu et al., 2009; Soliman et al., 2010) . Thus, in this review we highlight human imaging studies that use extinction (or repeated presentations of cues of empty threat) to assess individual and developmental differences in suppressing the fear response as our primary phenotypic measure of anxiety-like behavior. Figure 1 is a simplified diagram of the neural circuitry of fear conditioning and extinction that has been delineated in human and rodent studies (Davis & Whalen, 2001; LeDoux, 2000) . This diagram illustrates how top-down prefrontal input to the amygdala, a region important for detecting cues of safety and threat, can reduce the fear response. Sensory input is received primarily by the lateral nuclei of the amygdala. The lateral nuclei project to the basal and central nuclei of the amygdala. The basal nuclei project predominantly to cortical regions (e.g., ventromedial prefrontal cortex) and striatum, whereas the central nuclei project mainly to subcortical regions involved in the fear response, including neuromodulatory systems, the hypothalamus, periaquiductal gray, and vagus. The ventromedial prefrontal cortex (vmPFC) projects to the amygdala and dampens its response via projections to inhibitory intercalated cells at the level of the central and basal nuclei. Thus, the amygdala can both signal the vmPFC of the significance of a cue and receive input from the vmPFC that dampen the fear response by suppressing output from the amygdala to neuromodulatory systems, the hypothalamus, periaqueductal gray, and vagus (LeDoux, 2000; Phelps et al., 2004) . This cortical signaling is the emphasis of the current review.
Neural circuitry underlying core phenotypic behaviors
Recently we have put forth a testable model of brain development that may account for heightened emotional responsivity during adolescence . This review highlights empirical data that go beyond simple characterizations of adolescence relative to adulthood, but rather, use a transitional approach. As such, we illustrate not simple linear changes, but inflections in behavior and in the brain during transitions into adolescence from childhood, and out of adolescence, to adulthood. The imbalance model underscores the importance of empirical characterization of the development of limbic subcortical regions involved in desire, fight and flight -which are reminiscent of teens' heightened emotional reactions -together with the development of prefrontal top-down control regions across the pre-, peri-and post-adolescence. Different developmental trajectories for the neural substrates of these systems, with limbic systems maturing earlier than prefrontal control regions, are suggested to result in an imbalance between these systems. This 'imbalance' model proposes that during adolescence, differential timing of brain development induces a disparity between the structural and functional maturity of brain systems critical to affective processing (e.g., subcortical regions including the amygdala), relative to cortical regions of the brain important in control over emotional responses (e.g., the prefrontal cortex). Differential developmental timing of these regions is consistent with nonhuman primate and human postmortem studies showing that the prefrontal cortex is one of the last brain regions to mature (Bourgeois et al., 1994; Huttenlocher, 1979) while subcortical and sensorimotor regions mature sooner as indexed by peaks in synaptogenesis and subsequent synaptic pruning. Our work is similar yet discrete from many others' in that it provides a working framework from which to test changes in the brain and in behavior both before, during and following adolescence.
We provide empirical support for our imbalance model from recent behavioral and human imaging studies on the development of emotion regulation and suggest that it is the suppression of the emotional response rather than the transient heightened reactivity that is related to anxiety. We then provide data from human imaging and mouse studies to illustrate how genetic factors may exacerbate or diminish this ability to suppress an emotional response. Finally, we provide examples of environmental factors that may exacerbate imbalances in emotion related brain circuitry and lead to long-term upregulation of this circuitry. Together, these studies provide a converging methods approach for understanding the highly variable experience of adolescence among our teens and dissociate aspects of emotional responses that are typical versus those which may put an individual at risk.
Changes in Neural Circuitry during Transitions into and out of Adolescence
In a series of neuroimaging studies of adolescents, we have used a transitional approach to understand inflections in behavior during this developmental window relative to those preceding or following it (Galvan et al., 2006; Hare et al., 2008; . In the most relevant of these studies to the focus of this review on anxiety disorders, we examined emotion responses in 60 children, adolescents, and adults with functional magnetic resonance imaging (fMRI). We went beyond examining the magnitude of brain activity that has been shown by several groups to be higher in adolescents than in adults (Ernst et al., 2005; Guyer et al., 2008a; Guyer et al., 2009; Guyer et al., 2008b; Monk et al., 2003b; Rich et al., 2006; Williams et al., 2006) to: 1) show specific changes in the brain and behavior in adolescents relative to both adults and children; and 2) examined not only transient patterns of frontoamygdala activity, but changes in activity over time . Finally, to assess individual differences in emotional reactivity that might put some teens at greater risk during this sensitive transition in development for anxiety, we assessed everyday anxiety using the Spielberger Trait Anxiety Inventory.
Our results showed that adolescents have an initial exaggerated amygdala response to cues that signal possible threat (fearful faces) relative to children and adults (see Figure 2 , . This initial heightened response in amygdala activity is age-dependent and does not correlate with trait anxiety. Moreover, while several groups have shown elevated amygdala activity to emotional pictures in adolescents relative to adults (Guyer et al., 2008b; Monk et al., 2003a) ; these data showed a distinct pattern in adolescents from both children and adults and showed specific correlations in frontoamygdala activity and response latencies to cues of potential threat (see Figure 3 , Hare et al., 2008) .
Examination of the MR signal in the amygdala with repeated presentation of the fearful face (i.e., exposure to empty threat) across experimental trials showed attenuation over time (i.e. habituation). The extent to which activation of this region diminished with repeated trials was correlated with anonymous self-report ratings of everyday anxiety. This measure was calculated by subtracting average MR signal in late trials of the experiment from early trials of the experiment (i.e., the larger the value, the greater the suppression of the amygdala response). Negative values indicate an actual increase in amygdala activity over time). Individuals with higher trait anxiety showed less suppression of the amygdala response over time (Figure 2, right panel) . The failure of the amygdala response to return to baseline over time was associated with coupling of frontoamygdala activity. Specifically inverse functional coupling of these regions, consistent with greater top-down regulation (higher vmPFC activity) of the amygdala, was correlated with greater diminished signal in the amygdala (i.e., negative values indicate inverse coupling, whereas a lack of coupling was indicated by values of 0 or slightly positive, see Figure 2 , right panel, Hare et al., 2008) . The association of inverse coupling of the vmPFC and the amygdala with downregulation of the amygdala to repeated presentations of empty threat is consistent with the previously described rodent and adult human studies on extinction learning and the underlying neural circuitry delineated earlier in Figure 1 .
These findings suggest that initial emotional reactivity as indexed by elevated amygdala activity may be typical of or normal for adolescence, but that failure of this response to subside over time with no impending threat is atypical and may be indicative of anxiety. Clinical imaging data using similar paradigms with older children and adolescents diagnosed with anxiety and depression show elevated amygdala activity to fearful faces . These findings may be due to persistent activation of this region with repeated exposures as seen in adolescent females who are at greater risk of these disorders relative to males ) rather than elevated activations per se Future studies of populations at risk for anxiety will need to examine carefully not only what triggers a heightened threat response in the amygdala, but also the brain processes that support anxiety responses that are sustained over time .
The observation of imbalanced activity in the amygdala-vPFC network as shown by elevated amygdala and less vmPFC activity in high anxious individuals, is consistent with a variety of work in animals (Baxter et al., 2000; Milad & Quirk, 2002) humans (Delgado et al., 2006; Etkin et al., 2006; Haas et al., 2007; Johnstone et al., 2007; Urry et al., 2006) , and in childhood and adolescent mood and anxiety disorders (Guyer et al., 2008a; Monk et al., 2008) implicating an inverse relationship between these structures that governs affective output. In particular, increased response in the vPFC is inversely correlated with responding in the amygdala, and predicts behavioral outcomes such as fear extinction, downregulation of autonomic responses (Phelps et al., 2004 ) and more positive interpretations of emotionally ambiguous information (Kim et al., 2004) . Thus, inverse functional coupling of these structures is key for down-regulation of heightened emotional responses. During adolescence when the amygdala response is heightened, relative to that observed in children and adults (imbalance), more top down control is needed. A lack of coupling between these regions with development to help provide that down-regulation may lead to symptoms and ultimately diagnosis of anxiety.
Translation from Genetic Mouse Model to Human
A number of human genetic studies have begun to identify candidate genes that may play a role in increased risk for anxiety. The main avenues for understanding gene function in these disorders have been in behavioral genetics on one end and on the other end, molecular mouse models. Attempts to bridge these approaches have used brain imaging to conveniently link anatomical abnormalities seen in knockout/transgenic mouse models and abnormal patterns of brain activity seen in humans. Recently we completed a study using parallel analysis of behavioral and imaging genetics in humans and a genetic knock-in mouse model of a human polymorphism. The respective strengths of different levels of analysis from molecular to neural to behavioral, all provide external validation for the findings of any single genetic analysis . Moreover, this integrative approach provides bridges between the intrinsically relevant but complex and imprecise phenomenology of human behavior and the solid findings of rodent neurobiology that can be difficult to extrapolate to human behavior and disease.
Our translational study focused on a common single nucleotide polymorphism (SNP) in the brain-derived neurotrophic factor (BDNF) gene that leads to a valine (Val) to methionine (Met) substitution at codon 66 (Val66Met). This polymorphism leads to decreased trafficking of the signaling neuropeptide BDNF into the regulated secretory pathway, which in turn leads to impaired activity-dependent release of BDNF. In an inbred genetic knock-in mouse strain that expresses the variant BDNF Met allele to recapitulate the specific phenotypic properties of the human BDNF Val66Met polymorphism in vivo, we found the Met allele was associated with treatment resistant forms of anxiety-like behavior (Chen et al., 2006) . As described earlier, a key feature of anxiety is difficulty in learning of cues that signal safety versus threat and in learning new associations when a previous threat cue is no longer associated with that threat (i.e., extinction). Thus, the objective of our study was to test if the BDNF Met genotyope could impact extinction learning in the mouse model, and if such findings could be generalized to human populations.
We examined the impact of the variant BDNF on fear conditioning and extinction paradigms . Approximately 70 mice and 70 humans were tested. The human sample included 36 Met allele carriers (heterozygotes and Met allele homozygotes) and 36 nonMet allele carriers (Val allele homozygotes) group-matched on age, gender and ethnic background. Fear conditioning consisted of pairing a neutral cue (i.e., conditioned stimulus or CS) with an unconditioned aversive stimulus (US) until the cue itself took on properties of the US of an impending aversive event. The extinction procedure consisted of repeated presentations of the CS alone. Behavioral responses of percentage of time freezing in the mouse and amplitude of the galvanic skin response in the human were the dependent measures. In addition, we collected brain imaging data using fMRI with the human sample.
Both in the mice and humans, we observed less extinction in Met allele carriers than in nonMet allele carriers as shown in Figure 4A and B below (Hajcak et al., 2009) . Moreover, human fMRI data provided neuroanatomical validation of the cross species translation. Specifically, we showed alterations in frontoamygdala circuitry, shown to support fear conditioning and extinction in previous rodent (LeDoux, 2000; Myers & Davis, 2002) and human (Delgado et al., 2008; Gottfried & Dolan, 2004; LaBar et al., 1998; Phelps et al., 2004 ) studies, as a function of BDNF genotype. Met allele carriers showed less ventromedial prefrontal cortical (vmPFC) activity during extinction relative to nonMet allele carriers ( Figure 4C ), but greater amygdala activity relative to nonMet allele carriers ( Figure  4D ). These findings suggest that cortical regions essential for extinction in animals and humans are less responsive in Met allele carriers. Moreover, amygdala recruitment which should show diminished activity during extinction was elevated in Met allele carriers, suggesting less dampening by vmPFC and more fear response as generated by amygdala output to neuromodulatory systems, the hypothalamus, periaquiductal gray, and vagus (LeDoux, 2000; Phelps et al., 2004) .
These findings are provocative as they provide an example of bridging human behavioral and imaging genetics with a molecular mouse model to suggest a role for BDNF in anxiety for adults. In the context of our neurobiological model of adolescence, individuals with the BDNF Met allele may be more vulnerable for developing symptoms of anxiety as teens, in that they show higher and prolonged patterns of amygdala activity and less vPFC activity to emotional cues. During a period when evaluating social cues from peers is essential in forming and maintaining healthy peer relationships, the failure to suppress heightened emotional responses to empty threat in these interactions (e.g., failure of a peer to notice or smile at a teenager, without any negative intent) could lead to over interpretation and ruminations of self doubt. The genetic data provide an example then of how an imbalance in amygdala-PFC coupling during typical development could be exacerbated and lead to clinical symptoms of anxiety. This interpretation is strengthened by recent animal research showing slower extinction in adolescent rats relative to adult rats (McCallum et al., 2010) . Thus, these data may have important implications for the efficacy of treatments for anxiety disorders in children that rely on extinction mechanisms such as exposure therapy in terms of who will be responsive and when. Consistent with this view are findings from recent studies showing that Selective Serotonin Reuptake Inhibitors (SSRIs) in combination with exposure therapy in children are more beneficial than either of these two treatments alone (Walkup et al., 2008) .
Effects of Early Experiences on Later Development
The variability observed in both our developmental and genetic studies of emotion regulation may in part be due to variation in individuals' experiences. A number of studies have shown the significance of environmental factors such as early adversity and stress on the brain and behavior (Liston et al., 2009; Liston et al., 2006; Tottenham et al., 2010; Tottenham et al., 2009 ) and risk for psychopathology. In the context of our neurobiological model of adolescence, individuals who experience adversity during this period, or who have experienced adversity or multiple traumas earlier in development, may be especially vulnerable for developing symptoms of anxiety or depression as teens or adults. There is a large epidemiological and clinical literature supporting this claim (Brown et al., 1999; Heim & Nemeroff, 2001; Pine & Cohen, 2002; Yule et al., 2000) . Our model simply provides a biological basis for this vulnerability. In other words, while heightened emotional reactivity is typical during the period of adolescence, failure to suppress that emotional reactivity over time when there is no impending threat is associated with symptoms of anxiety.
Early postnatal life is a time of both developmental opportunity and vulnerability, and the timing of experiences is critical for developmental outcome. Non-human animal studies have shown that early rearing conditions can have long-term consequences on emotional behavior and the effects of early experience can be more significant than later experiences (Sabatini et al., 2007) . Many of these behavioral outcomes are associated with changes in limbic circuitry described previously (see Figure 1) . Within that circuitry, the region of the amygdala and its growth and hyperactivity have been shown to mediate the expression of hyperemotionality as measured by increased anxiety-like behaviors in animals (Vyas & Chattarji, 2004) . The primate amygdala develops early in life (Humphrey, 1968; Ulfig et al., 2003) with the most rapid rate of development occurring during the early postnatal period (Payne et al., 2009 ), a rate which may heighten the vulnerability of the amygdala to environmental exposures (Lupien et al., 2009) . A number of animal studies have shown that the amygdala is particularly sensitive to early life rearing conditions (Kikusui & Mori, 2009; Plotsky et al., 2005; Sabatini et al., 2007) .
A naturally occurring example of poor early care in humans that affects millions of children worldwide (http://www.hrw.org) is that of rearing in an orphanage. Socio-emotional behavior is especially vulnerable to early-life adversity, and often these children exhibit elevated emotional reactivity (Colvert et al. 2008 ) and low social competence (Hodges & Tizard, 1989) . They exhibit more anxiety Zeanah et al., 2009 ), internalizing problems (Juffer & van Ijzendoorn, 2005) and difficulty regulating behavior in emotionally arousing contexts ). This emotional profile persists for many years. The means by which the early care giving environment influences neural development and associated behaviors in humans are not well understood. However, given the central role of frontoamygdala circuitry in fear learning that is specific to adjustment of behavior when prior associations or contexts no longer exist begs the questions of how well these children can adjust their emotional responses when aversive cues or contexts no longer exist (i.e., extinction)
Recently, we examined the long-term neural correlates of early suboptimal rearing conditions on later emotional development in humans. Specifically we examined children adopted to the US from orphanages abroad using the same paradigm as that described earlier by Hare et al. (2008) . Imaging and behavioral data were collected from nearly 60 children (28 internationally adopted children and 27 nonadopted children with mean age of 10 and mean age of adoption 2 years .
Our results showed that adverse rearing conditions in the postnatal period are associated with heightened amygdala activity when suppressing an attentional response to a fearful expression late childhood and adolescence, especially in later adopted children. Non-human animal studies suggest the early, rapid development of the amygdala (Avishai-Eliner et al., 1996; Payne et al., 2009; Vazquez et al., 2006) may increase its vulnerability to environmental pressures, resulting in elevated endogenous stress hormones, altered gene expression, precocious structural development, and altered future functioning (Becker et al., 2007; Kikusui & Mori, 2009; Moriceau et al., 2009; Plotsky et al., 2005; Sabatini et al., 2007) . Consistent with these animal models, human imaging studies have revealed amygdala structural atypicalities and associated emotion difficulties following adverse early caregiving environments that are observable years after the removal from these conditions (Mehta et al., 2009; Tottenham et al., 2010; Tottenham et al., 2009 ).
Most striking of our results from this study was an association between patterns of brain activity and measures of live dyadic interaction between the child and the parent. Specifically, we used video recordings of dyadic interaction and eye-tracking of gaze on a laboratory task of simple face stimuli to examine if early life adversity were related to basic components of social interaction and emotional processing such as eye contact and gaze. We found that activity within the amygdala was associated with decreased eye gaze on both the laboratory task as measured by eye-tracking methods and during a live dyadic interaction with one of their parents (see Figure 5 ). This finding was greatest in those children adopted later in life. Individual differences in amygdala activity have been associated with directing gaze away from arousing (and informative) aspects of human faces (Dalton et al., 2005) , even though doing so can interfere with successful interpersonal communication (Adolphs et al., 2005) . Shy individuals, who make less eye contact than their non-shy peers (Pilkonis, 1977) , show impairments in face recognition (Brunet et al., 2009 ) and expression classifications (Battaglia et al., 2004) . In typical populations, higher amounts of eye-contact have been associated with social competence and skill, as well as serving a number of social functions like expressing intimacy, exchanging social information, and regulating social exchanges (reviewed in Kleinke 1986 ).
In our study, children reared in orphanages showed increased amygdala signal to emotional distracter stimuli relative to a comparison sample of children reared with their biological families. The elevated amygdala response may suggest that the comparison children were better able to ignore or suppress the irrelevant emotional content of the distracter stimuli, while the previously institutionalized children were not. Examination of ventromedial prefrontal regions that play a modulatory role in suppressing amygdala outputs that lead to an emotional response (Phelps et al., 2004; Quirk & Beer, 2006) showed atypical activity. Specifically, unlike the comparison children, the orphanage reared children showed no change in vmPFC with increased amygdala activity to fearful stimuli. In healthy populations, the amygdala and vmPFC show inverse activity Phelps et al., 2004) , which might be mediated by the integrity of the white matter tracts between them (Kim & Whalen, 2009) . However, pathological populations show less inverse coupling between the two regions (Marsh et al., 2008; Shin et al., 2006) , and decreased coupling has been associated with increased trait anxiety . Thus our findings are consistent with poor communication between the two regions in the previously institutionalized children, and recent diffusion tensor imaging has identified reduced white matter between amygdala and prefrontal cortex in children previously reared in orphanages (Govindan et al., 2009 ).
These findings are consistent with a model of heightened amygdala reactivity following chronic stress exposure, with relatively slow recovery, similar to that reported in animal studies (Adamec et al., 2005; Vyas et al., 2002) . Moreover, the results underscore the importance of top down modulation of subcortical limbic regions in healthy emotional development. Yet, the orphanage environment is more than a simple or single stressor. Specifically, not only are there mismatches between the child's needs and the caregiver's responses resulting in dysregulation, but there is a mismatch in the expected environment based on a long evolutionary history and the actual one, that must be considered in the how these neural systems develop and behaviors emerge.
CONCLUSIONS
In this review, we described three approaches that examine neural circuitry underlying core phenotypic features of anxiety (e.g., suppression of fear response) that exemplify transitional and translational approaches. First, we described findings from human imaging studies that showed changes in neural circuitry underlying core phenotypic features of anxiety in healthy individuals during the transition into and out of adolescence. Second, we described a recent study examining genetic factors that may enhance risk for anxiety and alter underlying neural circuitry using translation from mouse models to human behavior. Finally, we provided evidence for alterations in neural circuitry underlying core phenotypic features of anxiety as a result of early postnatal experiences using human imaging and behavioral approaches. Taken together, the findings synthesized here indicate that increased risk in adolescence appears to be associated with different developmental trajectories of subcortical emotional systems relative to cortical control regions involved in suppressing emotional responses. This differential development can lead to an imbalance in control by subcortical regions over prefrontal ones leading to heightened emotional reactivity. Although elevated emotional reactivity appears to a typical part of development during the period of adolescence, failure to suppress that emotional reactivity over time seems to be associated more with individual differences in, or symptoms of, anxiety. Both environmental and genetic factors can exacerbate the imbalance between limbic and cortical regions resulting is dysregulation of limbic circuitry and sustained rather than transient emotional responses to cues of threat. Our findings suggest that it is sustainment of the emotional response that leads to anxiogenic feelings and possible risk for anxiety disorders.
Together, our studies provide a converging methods approach for understanding the highly variable experiences and outcomes of adolescence. Each of these approaches alone provides limited information on genetic and environmental influences on complex human behavior across development. Together, they reflect an emerging field of translational developmental neuroscience in forming important bridges between animal models of neurodevelopmental and neuropsychiatric disorders. Important future directions will be to consider how genetic, environmental and developmental factors inter-relate in sufficiently large samples to directly test these effects from a developmental perspective. Such genetic studies will need to entertain dynamic models that capture the effects of changing environmental and developmental conditions or contexts, rather than relying on static models. Left: Depiction of threat stimulus and location of activation in the amygdala. Middle: Amygdala activity to empty threat (fearful faces) plotted as a function of age. Right: Scatter plot of the correlation between Spielberger trait anxiety scores and habituation (decrease from early to late trials) of amygdala activity for teens and adults (note: anxiety scale was not appropriate for under 13 years) r = -.447, p < 0.001. Adapted from Hare et al., 2008 . Left. Amygdala response to emotional stimuli was inversely correlated with amount of eyecontact with parent in during live interaction Right. Amygdala response to emotional stimuli was inversely correlated with amount of eye-contact children made during eye-tracking (proportion of frames spent looking at the eye region of face stimuli). (Adapted from Tottenham et al., 2010) 
